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HIGH REFRACTIVE INDEX OPHTHALMIC DEVICE MATERIALS PREPARED 
USING A POST-POLYMERIZATION CROSS-LINKING METHOD 

FIELD OF THE INVENTION 

This invention relates to a method of preparing high refractive index 
ophthalmic device materials. In particular, the present invention relates to a two- 
stage method in which ophthalmic device materials are first polymerized and 
then cross-linked. 

BACKGROUND OF THE INVENTION 

The two most common types of polymerization initiators for ophthalmic 
device materials are thermal initiators and photoinitiators. Typical thermal 
initiators, Including free radical initiators such as peroxides, initiate 
polymerization as temperature is increased. In some cases, two or three 
temperature tiers are involved such that curing involves a schedule of 
temperature/time combinations. Thermal Initiation generally requires holding 
the monomer composition at elevated temperatures for lengthy periods of time. 
Total cure times of twenty-four hours are not unusual. See, for example, U.S. 
Patent No. 5,290.892. 

Photoinitiators generally offer the advantage of relatively short cure 
times and, unlike thermal initiators, can be used at ambient conditions, 
25 eliminating the need for high-temperature equipment or special ovens. 
Photoinitiators are activated by radiation of one or more specified wavelengths, 
rather than heat. Photoinitiation of ophthalmic lens materials is known. See, for 
example, U.S. Patent No. 5,290,892. 

30 The most common types of photoinitiators known or used for curing 

ophthalmic lens polymers are probably UV-sensitive photoinitiators. UV- 
sensitive photoinitiators are. however, generally not suitable for use with lens 
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materials that contain a UV-absorbing chromophore. UV-absorbing 
chromophores present in an ophthalnnic lens composition can interfere with the 
ability of UV-sensitive photoinitiators to efficiently cure the composition. Today, 
UV-absorbing chromophores are frequently incorporated in ophthalmic lens 

5 materials in order to reduce or block UV light from reaching the retina. Although 
methods are known for temporarily "blocking" UV absorbing chromophores 
during processing, thereby preventing interference with a UV-initiator. these 
methods require that the UV-absorber be "un-blocked" after the composition is 
cured. The UV chromophore can be "un-blocked" by either chemical or thermal 

10 means. "Un-blocking" is generally complicated and can add 4-6 hours to 
processing times, offsetting some or all of the time advantages offered by 
photoinitiators. 

In addition to UV-sensitive photoinitiators, visible-light initiators are also 
15 known. For example, U.S. Patent No. 5.224,957 discloses photopolymerizable 
compositions useful in forming an intraocular lens in situ. The compositions are 
delivered into the natural lens capsule or a thin plastic shell substitute and then 
polymerized. The reference compositions contain 90 - 99.99% by weight of at 
least one polyfunctional acrylic and/or methacrylic acid ester. Suitable acid 
20 esters include bisphenol A or bishydroxypolyalkoxy bisphenol A derivatives 
lengthened with ethylene oxide or propylene oxide. The compositions of the 
'957 patent are cured using photoinitiators which absorb light in the range 400 - 
500 nm. Suitable initiators include alpha-diketones, in particular 
camphorquinone, benzil and phenanthrene quinone, and mono and 
25 bisacylphosphine oxides. 

International Patent Application Publication No. WO 96/28762 also 
discloses photocurable compositions comprising acrylic components. The 
compositions contain specified amounts of di(meth)acrylates, 
30 poly(meth)acrylates, urethane(meth)acrylates, and oligomeric di(meth)acrylates 
based on bisphenol A or bisphenol F. The photoinitiator may be "any 
photoinitiator which forms free radicals when irradiated suitably." Suitable 

2 
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Classes include benzoin ethers; acetophenones; benzil; anthraquinones; 
benzoylphosphine oxides (e.g., 2,4.6-trimethylbenzoyldiphenylphosphine oxide); 
benzophenones. Photoinitiators particularly suitable for use with argon ion lasers 
include 2,4,6- trimethylbenzoyldiphenylphosphlne oxide. 

Some ophthalmic devices are obtained by a monomer cast polymerization 
method. In such a method, the monomer solution is cast directly into a mold of 
desired shape and then polymerized or cured, followed by any machining or 
polishing, etc. See, for example. U.S. Patent Nos. 4.921,205 and 5,290.892. 

In other cases, ophthalmic device materials are formed by first preparing 
a "prepolymer" or partially cured material, followed by further curing. See, for 
example, U.S. Patent No. 5,374,663 describing a prepolymer process for 
producing a U.V. absorber-containing intraocular lens material in which a 
monomer solution comprising a lens-forming monomer, an U.V. absorber and a 
polymerization initiator is introduced into a reactor and heated for a length of time 
and at a temperature sufficient to obtain a prepolymer of high viscosity. 
Thereafter, the prepolymer is filtered, cast Into a cell or mold and further heated 
for a time at a temperature sufficient to obtain a transparent lens material. 

According to the '663 patent, the prepolymer process has the advantage 
that the prepolymer scarcely leaks out of the ceil or mold because of its high 
viscosity, and that the degree of shrinkage in the step of obtaining a lens material 
from the prepolymer is small. On the other hand, the prepolymer process has 
some problems as well, including (i) the control of the polymerization degree and 
viscosity of the prepolymer obtained in the first polymerization step, and (il) when 
a cross-linking monomer is contained in the material, an insoluble polymer is 
formed in the prepolymer step, making any filtration treatment difficult or 
impossible, and the polymer produced after the further curing step becomes 
"non-uniform." 



3 
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The present invention relates to a method for preparing acrylic, high 
refractive index ophthalmic device materials. The ophthalmic device materials 

5 comprise at least one aryl acrylic hydrophobic monomer, a first stage 
polymerization initiator selected from the group consisting of low-temperature 
thermal initiators and photoinltiators. and a second stage cross-linking agent 
selected from the group consisting of dibenzoyi peroxide; substituted dibenzoyi 
peroxide compounds, and dicumyl peroxide. The monomers used to form the 

10 ophthalmic device materials do not contain any ingredient having more than one 
unsaturated site, as such ingredients will cause premature cross-linking. 

According to the present invention, the ophthalmic device material is 
prepared using a two-stage process. In the first stage, the material is 
15 polymerized such that the second stage cross-linking agent is not activated. In 
the second stage, the material is cross-linked by activating the cross-linking 
agent. The two-stage process of the present invention can provide enhanced 
control of material shrinkage and stress problems associated with cast molding 
operations compared to single stage curing processes. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, "high refractive index" means a refractive index of about 
1.50 or greater when measured at room temperature using an Abbe' 
25 refractometer at 589 nm (Na light source). 

As used herein, "low-temperature thermal initiator" means a thermal 
initiator that has an activation temperature lower than the activation 
temperature of the chosen second stage cross-linking agent. 

30 

According to the present invention, acrylic, high refractive index 
ophthalmic device materials are prepared in two stages. In the first stage, the 
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device material is polymerized. In the 
cross-linked. 

The ophthalmic device materials 
5 least one compound of Formula I below. 
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second stage, the device material is 
of the present invention comprise at 



X 
I 

CH2=C-COO-(CH2)m-Y-Ar (I) 

wherein: X is H or CH3; 
m is 0-10; 

Y is nothing, O. S. or NR wherein R is H, CH3. CnHzn.i (n=1-10) iso 
OC3H7. CeHs. or CH2C6H5; 

Ar is any aromatic ring which can be unsubstituted or substituted with 
CH3. C2H5, n-CaHr. iso-CsHy. OCH3. CeHn. CI. Br, CeHs. or CHzCsHg. 

Monomers of Formula I are known and include, but are not limited to: 2- 
20 phenoxyethyl acrylate; 2-phenylethylthio acrylate; 2-phenylethylamino actytate; 

phenyl acrylate; benzyl acrylate; 2-phenylethyl acrylate; 3-phenylpropyl acrylate; 

3-phenoxypropyl acrylate; 4-phenylbutyl acrylate; 4-phenoxybutyl acrylate; 4- 

methylphenyl acrylate; 4-methylbenzyl acrylate: 2-2-methylphenylethyl acrylate; 

2-3-methylphenylethyl acrylate; 2^-methylphenylethyl acrylate; and their 
25 corresponding methacrylate compounds. These acrylic/methacrylic monomers 

and others are disclosed in U.S. Patent No. 5.290.892. the entire contents of 

which are hereby incorporated by reference. 

Preferred monomers of Formula (I) are those where m is 2-4; Y is nothing 
30 or O; and Ar is phenyl. Most preferred are 2-phenylethyl acrylate, 2- 
phenoxyethyl acrylate. 3-phenylpropyl acrylate. 3-phenoxypropyl acrylate, 4- 
phenylbutyl acrylate. and 4-phenoxybutyl acrylate. and their corresponding 
methacrylate compounds. 

5 
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The ophthalmic device materials of the present invention preferably 
contain at least two nnononners of Formula I. wherein at least one is a 
methacrylate monomer (X = CH3 ) and at least one is an acrylate monomer (X = 
5 H). The exact amount of monomer of Formula I present in the acrylic, high 
refractive index ophthalmic device materials of the present invention will vary 
depending upon the identity of the monomer(s) of Formula I, the identity of any 
other device-forming monomer(s) present in the materials, and the desired 
mechanical properties. For example, foldable intraocular lenses are preferably 

10 made from polymers having a glass transition temperature no greater than 
normal room temperature, e.g., about 20 - 25 °C, in order that the lenses can 
be rolled or folded conveniently at room temperature. Materials having a glass 
transition temperature of about 15 °C or less are even more preferred for 
foldable intraocular lens applications. Glass transition temperature is 

IS determined at room temperature using a differential scanning calorimeter at a 
heating rate of 10°C/min. 

Additionally, materials exhibiting an elongation of at least 150% when 
measured at room temperature using an Instron tensile tester at a cross-head 
20 speed of 50 cm/min) are preferred for use in foldable intraocular lenses 
because such lenses must exhibit sufficient strength to allow them to be folded 
without fracturing. For foldable intraocular lens applications, polymers having 
an elongation of at least 200% are more preferred. 

25 In general, the acrylic, high refractive index ophthalmic device materials 

of the present invention preferably contain at least 50% (w/w) of monomer(s) of 
Formula I. In a more preferred embodiment, the device materials will contain 
one or more monomers of Formula I in an amount totaling 70% (w/w) or more, 
and most preferably, 80% (w/w) or more. 

30 

Device-forming monomers other than those of Formula I optionally may 
be included in the materials of the present invention. Many such ophthalmic 
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device-forming monomers are known. Any known device-forming monomer 
may be used if it is compatible with the monomer(s) of Formula I present in the 
ophthalmic device material and does not prevent the ability of the stage 1 
polymerization initiator to cure the material such that the material contains no 
5 cross-linking or is substantially free of cross-linking. Suitable device-forming 
monomers other than those of Formula I include, but are not limited to: Ci - Cs 
alkylacrylates, Ci - Ca cycloalkylacrylates. N-alkylacrylamides (where alkyi = Ci 
- C4). phenoxyalkylacrylates (where alkyI = Ci - Ce), and their corresponding 
methacrylates. Suitable device-forming monomers other than those of 
10 Formula I also include N-vlnylpyrrolidone. See U.S. Patent No. 5,331,073. the 
entire contents of which are hereby incorporated by reference, for examples of 
device-forming materials other than those of Formula 1 . 

As in the case of the monomer(s) of Formula I, the amount of any other 
IS device-forming monomers present In the ophthalmic device materials of the 
invention will vary depending upon the identity of the monomer(s) of Formula I, 
the identity of the optional device-forming monomer(s), and the mechanical 
properties desired for the finished ophthalmic material. In general, for foldable 
intraocular lens applications, the ophthalmic device materials of the present 
20 invention preferably contain about 45% (w/w) or less, and more preferably 
about 30% (w/w) or less, of device-forming monomers other than those of 
Formula I. 

The ophthalmic device materials also comprise a first stage 
25 polymerization initiator selected from the group consisting of low temperature 
thermal initiators and photoinitiators. Suitable low temperature thermal initiators 
Include azo free-radical initiators, such as 2.2'-azobis(isobutyronitrile) ["AIBN"] 
and 2.2*-azobis(2.4-dimethylvalerontrile). Suitable photoinitiators include UV- 
and blue-light photoinitiators. Many such photoinitiators are known. Preferred 
30 blue-light photoinitiators are benzoylphosphine oxide initiators, such as 2.4,6- 
trimethyl-benzoyldiphenylophosphine oxide; bis-(2,6-dichlorobenzoyl)-4-N- 
propylphenyl-phosphine oxide; and bis-(2,6-dichlorobenzoyl)-4-N- 
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butylphenylphosphine oxide. Most preferred is 2,4.6-trimethyl- 

benzoyldiphenylophosphine oxide, commercially available as Lucirin® TPO 
from BASF Corporation (Charlotte, North Carolina). See. for example, 
commonly-assigned, co-pending U.S. Patent Application Serial No. 08/908.229. 
filed on August 7, 1997, the entire contents of which are hereby incorporated by 
reference. 

The amount of the first stage polymerization initiator in the device 
materials of the present Invention will depend upon the identity of the other 
Ingredients in the materials, the curing conditions, etc. In general, however, 
the amount of first stage polymerization initiator contained in the mixture to be 
polymerized in stage of the present invention will be about 3 % (w/w) or less, 
preferably about 2 % (w/w) or less, and most preferably about 1 % (w/w). 

In addition to the device-forming monomer(s) (I.e., monomers of 
Formula I and any other device forming monomers) and the first stage 
polymerization Initiator, the ophthalmic device materials of the present 
Invention contain a second stage cross-linking agent. The second stage cross- 
linking agent is selected from the group consisting of dibenzoyi peroxide, 
substituted dibenzoyi peroxide compounds, and dicumyl peroxide, many of 
which are commercially available. For example, dicumyl peroxide is available 
from Hercules Incorporated (Wilmington. Delaware). Suitable substituted 
dibenzoyi peroxide compounds include 2,4-dichlorodibenzoylperoxide. 
Dicumyl peroxide is preferred for use with ophthalmic device materials 
comprising 2-phenylethyl acrylate and 2-phenylethyl methacrylate. 

The amount of the second stage cross-linking agent contained in the 
device materials of the present invention will depend upon, among other 
factors, the degree of cross-linking desired. In general, however, the amount 
of second stage cross-linking agent in the ophthalmic device materials will be 
about 2 - 5 % (w/w). and preferably about 2.5 - 4 % (w/w). 

8 
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In order to prevent premature cross-linking, the ophthalmic device 
materials of the present invention do not contain any ingredient having more than 
one unsaturated bond. Such ingredients include the common cross-linking 
monomers ethyleneglycol dimethacrylate; diethylene glycol dimethacrylate; 
5 ethyleneglycol diacrylate; allyl methacrylates; allyl acrylates; 1 .3-propanediol 
dimethacrylate; 1 .6-hexanediol dimethacrylate; 1 ,4-butanediol dimethacrylate; 
polyethyleneoxide mono- and diacrylates; and the like. 

Ultraviolet absorbing chromophores are optionally included in the 

10 ophthalmic device materials of the present invention. Such chromophores 
prevent or inhibit UV light from damaging the eye. The ultraviolet absorbing 
chromophore in the device material of the present invention can be any 
compound which absorbs light having a wavelength shorter than about 400 
nm, but does not absorb any substantial amount of visible light, and which Is 

IS compatible with the device-forming monomer(s) present in the material . The 
ultraviolet absorbing compound is incorporated into the monomer mixture and 
is entrapped In the polymer matrix when the monomer mixture is polymerized. 
Suitable ultraviolet absorbing compounds Include substituted benzophenones, 
such as 2-hydroxybenzophenone, and 2-(2-hydroxyphenyl)-benzotriazoles. It 

20 is preferred to use an ultraviolet absorbing compound that is copolymerizable 
with the device-forming monomers described above so that it will be covalently 
bound to the polymer matrix. In this way, possible leaching of the ultraviolet 
absorbing compound out of the device and into the interior of the eye is 
minimized. Suitable copolymerizable ultraviolet absorbing compounds are the 

25 substituted 2-hydroxybenzophenones disclosed in U.S. Patent No. 4,304,895 
and the 2-hydroxy-5-acryloxyphenyl-2H-benzotriazoles disclosed in U.S. Patent 
No. 4,528,311. The most preferred ultraviolet absorbing compound is 2-(3'- 
methallyl-2*-hydroxy-5'-methyl phenyl) benzotriazole. 

30 If the ophthalmic device material does include a UV-absorber, it is 

unlikely that a UV polymerization initiator may be used as the first stage 
polymerization initiator. In such cases, the first stage polymerization initiator 
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will likely have to be either a low temperature thermal initiator or a blue-light 
initiator in order to avoid interference with the UV-absorber. 

Blue-light absorbing compounds are also optionally included in the device 
materials of the present Invention. If a blue-light absorbing compound, e.g. a 
yellow dye. is included in the device material of the present Invention, then the 
first stage polymerization initiator will likely not be a blue-light photoinitiator. In 
the event the device material contains both a UV-absorber and a blue-light 
absorbing compound, the first stage polymerization initiator will likely be a low 
temperature thermal initiatior. Preferably, blue-light absorbers are 
copolymerizable with the device-forming monomers. Suitable polymerizable 
blue-light blocking chromophores include those disclosed in U.S. Patent No. 
5.470.932. 



The device materials of this invention are prepared by forming a mixture 
comprising the device-fonning monomer(s) (monomer(s) of Formula I and any 
optional device-forming monomer(s)). the first stage polymerization Initiator and 
the second stage cross-linking agent, along with any UV- or blue-light absorbing 
compounds and any other suitable ingredients, in the desired proportions. The 
mixture can then be introduced into a mold of desired shape to form an 
ophthalmic device. Alternatively, the mixture can be cast in sheets from which 
the finished form can be obtained by compression molding (generally with mild 
pre-heating). 



In either case (direct cast molding in final fonm or casting in sheets for 
subsequent molding), the ophthalmic device material Is polymerized in the first 
stage of the present invention by activating the first stage polymerization initiator 
(e.g.. using heat. UV- or blue-light). In the case where the first stage 
polymerization Initiator is a low temperature thermal initiator and the second 
stage cross-linking agent is dicumyl peroxide, the thermal initiator may be 
activated by exposure to temperatures of up to approximately 50 °C or so without 
activating the dicumyl peroxide. In the case where the second stage cross- 

10 



BNSOOCID: <V»0_9953348A1.I.> 



SUBSTITUTE SHEET (RULE 26) 



wo 99/53348 PCT/US99/07362 

linking agent is a dibenzoyi peroxide or a substituted dibenzoyi peroxide, the 
curing temperature for stage 1 will generally be about 40 or less. The curing 
paranneters, e.g.. length of exposure and temperature or intensity of light source, 
are preferably chosen to accomplish complete polymerization. 

5 

After the ophthalmic device material is polymerized in stage 1 , it is cross- 
linked in stage 2 of the present invention. Cross-linking is achieved by activating 
the second stage cross-linking agent using heat. The temperature and length of 
exposure to heat are determined by the identity and amount of the second stage 

.0 cross-linking agent and the desired degree of cross-linking to be achieved (i.e.. 
the desired physical properties of the ophthalmic device materials). In general, 
however, the temperature will be about 90 °C or more where the second stage 
cross-linking agent is a dibenzoyi peroxide or a substituted dibenzoyi peroxide. 
In the case where the second stage cross-linking agent is dicumyl peroxide, the 

.5 activation temperature will be about 125 °C or greater. The duration of heating 
to achieve the second-stage cross-linking is preferably about four times the half- 
life of the second stage cross-linking agent at the chosen activation temperature. 
In the case of dicumyl peroxide and an activation temperature of approximately 
135 °C, the duration of heating is approximately 4 hours. 

20 

The ophthalmic device materials prepared according to the present 
invention may be used to make almost any type of ophthalmic lens, including 
contact lenses, intracomeal lenses and intraocular lenses. Ophthalmic lenses 
constructed of the disclosed materials can be of any design, but are preferably 

2s intraocular lenses (lOLs) capable of being rolled or folded and inserted through a 
relatively small incision. For example, the lOLs can be of what is known as a 
one piece or multipiece design. Typically, an lOL comprises an optic and at least 
one haptic. The optic is that portion which serves as the lens and the haptics are 
attached to the optic and are like arms that hold the optic In its proper place in 

30 the eye. The optic and haptic(s) can be of the same or different material. 
Haptics may be attached to the optic using conventional techniques. In a single 
piece lens, the optic and the haptics are formed out of one piece of material. 

11 
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Depending on the material, the haptics are then cut. or lathed, out of the material 
to produce the lOL. In addition to ophthalmic lenses, the materials prepared 
according to the methods of the present invention may also be used to make 
other ophthalmic devices including, but not limited to. keratoprostheses and 
corneal Inlays or rings. 

Molding and drilling operations are easily earned out if the device, e.g.. an 
lOL optic, is molded between two polypropylene mold halves. The mold 
containing the cured device material Is then placed on a lathe and cut to the 
desired shape. The mold'may then be easily mounted to carry out any drilling 
operations prior to removing the mold halves. Both the lathing and drilling 
operations may be facilitated by cooling the mold/device in a freezer to less than 
10 °C and preferably less than 0 °C prior to each of these operations. If 
premature release of one or both mold halves occurs. It may be necessary to use 
clamps or altemative mold materials or to pretreat the surface of the mold 
halves. 

The Invention will be further illustrated by the following examples which 
are intended to be Illustrative, but not limiting. 

EXAMPLES 

The ophthalmic device materials shown below in Table 1 were prepared 
as follows: 

Example 1 was prepared by heating at 70 °C for 7 hours, followed by heating at 
100 °C for 7 hours. 

Example 2 was prepared by heating at 135 "C for 17.5 hours. 
Examples 3 - 14 were prepared using the two-stage method of the present 
invention. In stage 1. the ingredients were mixed, transfen-ed to 1-mm thick, 
slab, polypropylene mold, and polymerized by exposure to blue light (Palatray 
CU/14 mW/cm^) for 15 minutes. In stage 2. the materials remained In the same 
slab molds and were cross-linked by heating at 135 C for 4. 6 or 10 hours as 

12 
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In ail cases (Examples 1 - 14) the ophthalnnic device materials were vacuum 
degassed for approximately 10 minutes immediately prior to filling and sealing 
5 the polypropylene slab molds. 

The amount of each of the ingredients is expressed in % w/w. 
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The invention has been described by reference to certain preferred 
embodiments; however, it should be understood that it may be embodied in other 
specific forms or variations thereof without departing from its spirit or essential 
characteristics. The embodiments described above are therefore considered to be 
illustrative in all respects and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description. 
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1. A two-stage method for preparing an acrylic, high refractive index 
ophthalmic device material, wherein the ophthalmic device material comprises 
(i) at least one aryl acrylic hydrophobic monomer of the formula 

X 

I 

CH2=C-COO-(CH2)„,-Y-Ar (I) 

wherein: X is H or CH3; 
m is 0-10; 

Y is nothing. O. S. or NR wherein R is H. CH3. CnHan+i (n=1-10) iso 
OC3H7. CgHs, or CH2C6H5: 

Ar is any aromatic ring which can be unsubstituted or substituted with 
CH3. C2H5, n-C3H7. iso-CaHr. OCH3. CeHn. CI, Br. CgHs. or CHzCgHs; 
(il) a first stage polymerization initiator selected from the group consisting of low 
temperature thermal polymerization initiators and photoinltiators; and 
(Hi) a second-stage cross-linking agent selected from the group consisting of 
dibenzoyi peroxide: substituted dibenzoyi peroxide compounds, and dicumyl 
20 peroxide; and 

wherein the first stage of the method comprises polymerizing the ophthalmic device 
material by activating the first stage polymerization initiator without activating the 
second stage cross-linking agent; and the second stage of the method comprises 
cross-linking the ophthalmic device material by activating the second stage cross- 
as linking agent. 

2. The method of Claim 1 wherein the aryl acrylic hydrophobic monomers is 
selected from the group consisting of 2-phenoxyethyl acrylate; 2-phenylethylthio 
acrylate; 2-phenylethylamino acrylate; phenyl acrylate; benzyl acrylate; 2- 
30 phenylethyl acrylate; 3-phenylpropyl acrylate; 3-phenoxypropyl acrylate; 4- 
phenylbutyl acrylate; 4-phenoxybutyl acrylate; 4-methylphenyl acrylate; 4- 
methylbenzyl acrylate; 2-2-methylphenylethyl acrylate; 2-3-methylphenylethyl 
acrylate; 2-4-methylphenylethyl acrylate; and their corresponding methacrylate 

16 
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3. The method of Claim 1 wherein m is 2-4; Y is nothing or O; and Ar is phenyl. 

5 4. The method of Claim 1 wherein the ophthalmic device material comprises at 
least two aryl acrylic hydrophobic monomers of Formula (I) and further wherein at 
least one of the aryl acrylic hydrophobic monomers is a methacryiate monomer and 
at least one of the aryl acrylic hydrophobic monomers is an acrylate monomer. 

'0 5. The method of Claim 4 wherein the ophthalmic device materials comprise a 
total of at least 50 % (w/w) of aryl acrylic hydrophobic monomers of Formula (I). 

6. The method of Claim 5 wherein the ophthalmic device materials comprise a 
total of at least 70 % (w/w) of atyl acrylic hydrophobic monomers of Fonnula (I). 

IS 

7. The method of Claim 1 wherein the ophthalmic device material further 
comprises one or more monomers selected from the group consisting of d - Ca 
alkylacrylates; Ci - Ce cycloalkylacrylates; Ci - Ce N-alkylacrylamides; Ci - Ce 
phenoxyalkylacrylates; and their corresponding methacrylates. 

20 

8. The method of Claim 1 wherein the first stage polymerization initiator is 
selected from group consisting of 2.2'-azobis(isobutyronitrile); 2,2'-azobis(2,4- 
dimethylvalerontrile); UV-photoinitiators; and blue-light photoinitiators. 

25 9. The method of Claim 1 wherein the first stage polymerization initiator is a 
benzoylphosphine oxide initiators. 

10. The method of Claim 1 wherein the amount of the first stage polymerization 
initiator is about 3 % (w/w) or less. 

30 
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11. The method of Claim 1 wherein the second stage cross-linking agent is 
selected from the group consisting of dibenzoyi peroxide; 2.4- 
dichiorodibenzoylperoxide; and dicumyl peroxide. 

12. The method of Claim 11 wherein the second stage cross-linking agent is 
dicumyl peroxide. 

1 3. The method of Claim 1 wherein the amount of the second stage cross- 
linking agent is about 2 - 5 % (w/w). 

14. The method of Claim 1 wherein the ophthalmic device material further 
comprises one or more ingredients selected from the group consisting of UV 
absorbing compounds and blue-light absorbing compounds. 

1 5. An ophthalmic device material prepared by the method of Claim 1 . 



18 

SUBSTITUTE SHEET (RULE 26) 

BNSDCXJID: <WO_9953348A1_l_> 



INTERNATIONAL SEARCH REPORT 



Inten .onal Application No 

PCT/US 99/07362 



A. CLASSIFiCATION OF SUBJECT MATTER 

IPC 6 G02B1/04 C08F20/30 C08F20/36 A61L27/00 



Accoroing to international Patent Classiilcation (IPC) or to both national cJassiticatlon and IPC 



B- FIELDS SEARCHED 



Minimum documentation searched (classilication system lollowed by classilication symbols) 

IPC 6 G02B C08F A61L 



Documentation searched other than minimum documentation to the extent ttnal such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,A 



WO 94 11764 A (ALLERGAN INC) 

26 May 1994 (1994-05-26) 
claims 1-6,10-17,21 
page 12, line 1 - line 18 
page 14 - page 15; example 1 

FR 2 765 583 A (ESSILOR INT) 
8 January 1999 (1999-01-08) 
claim 1 

page 8, line 15 - page 9, line 8 



EP 0 308 130 A (lOPTEX RESEARCH 
22 March 1989 (1989-03-22) 
claims 1,5 

page 3, line 34 - line 55 
page 6, 1 ine 15 - 1 ine 54 



INC) 



-/-- 



Further documents are listed in the continuation of box C. 



ID 



Patent family nriembers are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state ol the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 

later than the pnonty date claimed 



T" later document published after the tntemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document ol particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y** document of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



3 August 1999 



Name and mailing address of the ISA 

European Patent Office. P.B. 5218 Patentlaan 2 
NL - 2280 HV Riiswijk 
Tel, (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



13/08/1999 



Authorized officer 



Depijper, R 



Foim PCT/lSA/2 10 (second sheet) (July 1992) 
BNSCXXJID: <WO 9953348A1J.> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C.<Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Inter, .anal Appitcation No 

PCT/US 99/07362 



Category - Citation of document, with cndication.where appropnate. ot the retevani 



passages 



I Relevant to daim No. 



INC) 



EP 0 514 096 A (lOPTEX RESEARCH 
19 November 1992 (1992-11-19) 
claims 1,9 

page 3, line 29 - line 48 
page 5, line 5 - line 57 



EP 0 345 994 A (PILKINGTON VISIONCARE INC) 
13 December 1989 (1989-12-13) 
claim 5 

page 3, line 29 - line 47 
page 4, line 54 - line 58 
page 10, line 13 -^line 21 



1 



Forni PCTflSAfZio (caninuaoon of second sheet) (July 1992) 
BNSDOCID: <WO_9953348At_I > 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infomnatron on patent family memt>ers 



tnterr. ^nal Application No 

PCT/US 99/07362 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



uo 


9411764 


A 


26- 


-05- 


■1994 


US 


5331073 


A 


19-07-1994 














AM 




A 


HQ— HA— 1 QQ/1 














EP 


0667966 


A 


23-08-1995 














JP 


8503506 


T 


16-04-1996 














US 


5359021 


A 


25-10-1994 


FR 


2765583 


A 


08- 


•01- 


1999 


AU 


8446098 


A 


08-02-1999 














EP 


0925315 


A 


30-06-1999 














PR 




A 


(\Q^(\ 1—1 QOQ 

uo—u i— lyyy 














WO 


9902574 


A 


21-01-1999 


EP 


0308130 


A 


22- 


-03- 


1989 


us 


4834750 


A 


30-05-1989 










- 




CA 


1330474 


A 


05-07-1994 


















A 


1 7_ 11—1 QOQ 














DE 




A 


11-06-1992 














JP 


1158949 


A 


22-06-1989 














US 


RE36150 


E 


16-03-1999 


EP 


0514096 


A 


19- 


•11- 


1992 


AU 


661306 


B 


20-07-1995 














AU 


1617192 


A 


24-12-1992 














CA 


2068446 


A 


14-11-1992 














JP 


5146461 


A 


15-06-1993 


EP 


0345994 


A 


13- 


•12- 


1989 


AT 


125827 


T 


15-08-1995 














CA 


1318446 


A 


25-05-1993 














DE 


68923660 


D 


07-09-1995 














DE 


68923660 


T 


11-04-1996 














ES 


2077580 


T 


01-12-1995 














JP 


2140718 


A 


30-05-1990 














JP 


2802287 


B 


24-09-1998 














US 


5505884 


A 


09-04-1996 














US 


5519069 


A 


21-05-1996 














US 


5087392 


A 


11-02-1992 



Foim PCT/ISA/210 (patent family annex) (July 1992) 
BNSDOCID: <WO 9953348A1.I.> 



